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THE DIELECTRIC CONSTANT PND S9LT EFFECTS

UPON THE ACID HYDROLYSIS OF ETHYL FORMATE

By

Navln P. Shah and Edward S, Amie

ABSTRACT

The hydrolysis of ethyl form:xte cut&lyzwd by hydrochloric

acid was studied at three tempcrtturea in water-acetone media and

In water media cont:.ining different concentr:.tions of sodium

nritrte. The effect of vh~rious ionic strengths -rnd dielectric

constants upon the .-. te of ,--cd hydr:I--yels of ethyl form-.t lo

presented from the st:,nd point of electroat:.tios :.rxd the results

were compared to like effects upon the -,old hydrolysis of ethyl

acetate and methyl proplon-te. Neither the dieleotric constant

effect nor the salt effect lends itself readily to theoretlcJ-I

interprettlon. It was assumed th:.t a partial explanution of these

anomalous results might be in the extrupolation of the Ao'Ld radical

to the simplest carboxylic acid. This suggestion wans supported

scmewh:t by the trends towards less :Adherarnce to the electrostatic

theory at certL.In temper:tures in the series methyl propionAte,

ethyl -set.-te :-r.d ethyl form:,te.

It w-e thought th..t the study of both the Lcid And basLi

hydrolysin of esters .c L function of the dielectric constant of

the solvent .nd of neutra.l e..It concentr:tion would be cf trteresr

in view of existing theories of r:tes of reuctions between lone

;.nd dipol r molecules. Since eaters Lre hydrolyzed by bnth
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hydrcrnum Lnd hyd:'oxyl ionrs tho the.ei of ion-dipclr re:,ctior

rates could be inveott. ted v;ith r"espect to both positive nd

nega.tive ions ron.oting with :.r Idontlcý.l dipol' molecule under

like conditions of concentrZ.tiona cf re-ot'.rtc, temper:-ture, and

dielectric conet:nrt of solvent.

Experiment 1.l

The C. P. Ethyl F;rm-.te, E:.itm:.n Kod:.k Is manufaotured in

A high astte of purity -,.nd therefore the re:.gent w.-_ simply dried

over burnt lime for 24 hours :-nd then distilled Lt an atmospheric

preesu.e of 725.5 mm of mercury. The fraction ccming off between

521-,52.20 C wýA collected. The density of ethyl form-te viws

me-sured At 27o C znd w..s found to be 0.89511 g/ml. Ethyl f orm.'.te

used in a1l kinetic runs w~a kept -.t 270 C :.rid the required quAn-

tity of pura ethyl form...t : (0.4140 ml) w:.s :.dded to the rea.ction

solution Lt v.ricus temperz.turee. It was assumed th:t L negligible

drop In the temper:.ture •f the reaction occured;.

The ..cetone w:n. prepzred LuCoodIng to the procodure of AkerlofWJ

(1) Akerlof, G., J. Chem, Soc,, 54, 4125 (1928).

Ls follows: Acetune, •. T. B~ker :.nalyzed, w.s tro..ted In b'tahes

of z.bout th-ee liters with -n m:dl a.mount of 86% bone phosphoric

ucid Lnd irw-.,edl.tely distilled. Then it was dried with burnt

powdered lime for -. d y, poured off :.rd retistIlled; the fraction

whioh came over between 65.5 ý.nd 56.00 C was collected. Weight

percent of Lcetone for :- 1°inetlo run w:. c..lcul,.ted from the

dencity determin-tiron of --cet,ýne at v.rious temperLtures.
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Sodiumt nitr te, J. T. B~ker :r.z,,yzed; c.p. wuo uoed to prep:L.re

1,0000 N NLN0 3 stock ~oouticw.; :fl~d thiE3 corcer~t~iý-ed Polution wz~s

thor. diluted to tho required normz~ity for v:-rioun kinetic runs on

SIAlt OffVct.

Frf~shly bollod disitilled water wLuO ul4Wys used In prep~ring

solutlorne. A c:,rbor.:4to-freo conrcentrated sodium hydroxide atock

solution (tabcut 0.4 N) wz..s prop.rcd. 'The cornccntr~tod solution

wz.a. thon diluted In bztchoa z~nd st...r~dzrdlzo,¶ :-ý.nst potzssiunm

biphtlmLhto :..nd storod In --pý.r-ffoln-lined curboy. Fr'oml this

s3tock nclutior .W:, propLi'od 0,0100 N solution -Aotuzlly uaed in the

kinetic runc.

A 0.4857 N HOl ktiCCk 11t4or. w:.0 prcpixrod by diluting cop.

cornc .ntr:Attid (37%) L~clid :,nd tit&'t~tinrr L: lnaý acd urn cz.rbon.-to

Then th(: 0.0200 N HMl uued In. thu runs ý-A propArcd ..a nooded by

dilution of the atock LiolutIon.

All voluret!-Ic ~.pp.,rztua ,nd u not of *.rnz.1ytIc.-1. woights wore

c-.1ib'4tod :.nd Buretou of St:.ndurd thormomoture wore usod. Tho

r,-.to of hydrolyalir. w-fl irtu-.iod :,t tompar:,turua of 35.01, 45.11 t--nd

6 5.020 C. ITr.Lul:.tird d1ntil1od wator bAth~i aquIppud %Iith officient

otirring, motors controlled tho tcrnpor:.turo v~ithin 10-010 C of thc

deairod tcompc~r,.turoa

AnalyticulJ tuchniquou wc~rc chockod by duplicLt-ing kirotic

run whonQ r orxtiui vulocityg conoft: 1t br bc,.:r o-t.,bl!vhod. The

aLcid hydrolyolo of ethyl :.ci:t:-to :. ~otdb ~ro n notiz.1(

(2) Hza'nod, H. S. , -..Pnd Pfc..naticl, R., J, Am. Chom. Soc., 44,
2193 (1922N.______

wg~o colocted fo-, thli. purp~occ. Exz~ct duplic:AtIor. of thotr oi
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ivontz-l work gx.vo v cry go-od che-ckto of the.ir reported volocity con-

ot: r~tr. Thin !hdic: tkd thu.t both the reupwgntn, 'nPd technique wore.

u:- t in-f c t or y. No xpimntlrucults were :vlbeconcerning

the. xcid hydrolynAio of L~thy1 formz-to.

The! procedure, to determineu the kiflotiCL3 of theý ueilc hydrolyoic

of etAhyl formxte undur coraditionv of v:-.ryin~g (1) ionic ctroýngcth,

:-.r.d (2) dilel~ctric cornttxnt w:4n s- follows: Fl:.ukri cont:.irning_ the

rex!*.gur.tc wetre iminer';ed trn the thermoutx.t :-nd l--ft for four houra

for *.tt:inmrnet f te;mperx:-ture equilibrium. Rex:ctior. vwýai ct~rriod

out in :., c:.librutod vclumo.tric flhnk. Concontr:.ted N-,luticns of

re:1 gon-tc weor prep:,red t-:c thx.t mixing them In the; roz.ction fl: 2 ok

,-nd brin~ging. the- mixture tc the- v,,lumntric nvrk by the. zdditiofl

uxf diotillud wx.ter- c.vc; the: dotilred cocucntraticr of e:1ch ro:.gont.

Duplic:-to runa weore m~do in ovury czneý. The dooirod ionic n-trongth

wasc L-ttt.1ned by :,ddirng th,: requirud L-,-urunt of utcck nzdiumi nitr.Lto

colution.- The aaddtticr .f zt'cotnc; In correct x-mc-un~tn g:-vo, the

require..d dielectric c(enut:..rntc, for kinetic runn (en the: co:lverit

effeýct. The ro:.,cti:ýn we~r~z followed by puri..dic withdr:.wxls cf 10.00

ml n:mplei: of thu ru):ctirng mixture. The contentso of the pipette

wore --llc-wod tc. dr. in- upon. eruahod iccý prop:.red from dtittillod

w:Atu'; VQ ntcp furthL.:r nydro-lynic1 Lf the! e.nter. When the pipette

w:-i hý-.f *inpty th.e time wixv reoco-rded. The ccld nx.mpleni, :.pprcxim:.toly

O.20 C, wore the,.n titr.¶*tud w"ith 0.0100 N socdium hydrt;xiau toý a

phcnsl1-phth-lolr. cnd po-Int. Thc reaeticrnc woare fclloweod Until by-

drolynin w: rn :ppr-.xirnx.tely 70% c-mplcto wihe:r. ponoiblo. A finJ ti-

trxtiun W:LUP mnv do -.ftc:r thu re.xetior. hu-d ,mpl,- time t,- retch completio-n

unut.lly ovrJ.h..uri..

Thc: rewiztion. voloaity ocrnnt:,.Pt, k' , wxo exicule.ted uwing the



whore dx/dt Iv~ thc. v,;l:city c1 of cin

A i'epreiento tho initi2. ccrncontr:.tIon cf e.-'tor

x the %mncunt cf c~ftor chz..,rgd In time t

k' the voei cty ocnot:.nti, _f hydr--lycios

k' 1t ir. A/( A-x) (2)

Equ--.ti.n (2) oxprorood In tormro ef tho numbvr Gf mililutecr

of t.Llk!.li ompicyod In thtu tltrLti.r. b,.;c,.rc:o

k'= 2.3-03 leg (Tc-:-Tc.,) / (T,.;-T) (3)
t

wheor T'-:- Thacrotic:.1 numb r -f ml .f zJkfJli rcýquircd ft!'
c~mplreto hydroly~ida

Tr TIitI:-l titr:.tl.n, ml. cf Ulk:.-l

T =Titr.ýtl._r. v-.luc at t~mv t; ml. r~f rAlkLli

t Time in minutca

k1 opocific veL1.city c~rnot:.nt, mir. ~

It cu-n bi- v-.Lur. fr-;nb cqu:.tIv-n (3) tki..t -. pli~t )f~ lcg CTeý:)-To)/

(To---T) .vi±nst t thc~uld Q:Ivk -. ,tr-Ight linci, ranc th.- opc.cific

veci;cty c--nP:,t,.rt, k' , c:.r. bo c:.1cul:-tcod frýrn tho ol:pce ýI tho

otr:..Ight lirne. Thl;. w:-t- th.. mceth'.c uuý:d In c.-.lculP.tir~g mcat cf tho

kt v:.luo-.-. In c.-mo! inolt;_ncLu k' v-.1ueL! vioro -;bt-,Inoed by inaorting

The pr.:.ci,-i:r ý_f the titr:.tir.:.o :--.d the .remrtCI' tho two

mothudi; :. c..lcul..ti.,g k' >' ih'.vw. by the typic: 1 &z.t. in T.-ble Is
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T..blo I

Dclolcctric D..t-, I

B'th T--mpmraturo 55.00 ± 0.02c C. Ethyl Fcrm:tc 0.0100 M
S'ivont 16.80% Acot-no by Weight HCl 0.0200 M

N:OH 0.009627 M

Timo. NaOH Tco-T lcg Too-T k' x 102
( M i n r .) _ _ _ _ _ _ _ _ _ _ _ _ __ - ( M i n - I

0 20.75 10.39 1.0165

'9 2,3.60 7.54 0.8774 3.56

17 25.30 5.84 0.7664 3. W9

24 26.30 4.84 0.6848 3.18

29 27.25 3.89 0.5899 3.39

38 28.30 2.84 0.4533 3.60

44 28.60 2.64 0.4048 3.20

50 29.20 1.94 0.2878 3.36

59 29.70 1.44 0.1584 3.35

68 30.10 1.04 0.0170 3.39

75 g0.030 0.84 T.9243 3.35

.31.14

Avorago 3.36

Gr-:phicul Rc.ult 3.40



Dielectric ClonstLnt Effect

In Table IT ,4re reccrdea the kinetic d,,,tz. at consjthn:t acid and

ester concentr...tion. -,nd conturP~at Ionic strength. In these data the

dielectric cornstant decre:1 ses wIth increa~sing weight per cent

acetone component of solvent. In addition to the specific velocity

constanrt, k? the energies of -ctiv.,tion :und the Arrhenius frequency

f:,ctorn aýre Included in T: 2ble 11. The energies were c~alcuixted

from the k'/01 1 2 o values using the integrAted Arrhenius equa.tion

whichi may be stated

r, k'2(Cno) _ E T2-Tl) (4)

The frequency f:Actor, B, vAS c.alculated using k'/C H2O

v -ues from an equbation

B T log (k12/(C½i 0 )2 ) - T, log (k'/(Cj-{2 o~) (5)

In g.eneral the .6 E and B quantitier decrease with decreasing

d>J:-ectric con::tant through -, w.trnimun -,nd then increase continuously.

The rurnerlein. v.-ne of these qvoonrtlt-1es a~re t~hcon~ n~hn-rved In any

instances for re.-c-tlcns In solutions.e

In Figure 1 is plotted log k' versus :Tcen~t :.cetone by wei~qht

for the tlr'ce temperxtureo, 35.01, 45.11 and 55.020 C. The spr'cific

velocity constant, k' decrease with increa.sing ccncentr-,tion of

acetone In a linetar m.tnner fcr all three tempera-tures except fcr the

--lutions cant: irninw higher pe-cent&ages of ucetrne. The dtt:. at

55.0)20 C are observed to depart from linearity at L lower percentg!e

of racetone th-.n those at other- temperatures.
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Table II

Experimental V.lues of Velocity Constnnts as

a Function of Dielectric constant; Corresponding

Energies of Activ:,tion zrnd Frequency Factors

Temperature 35.010 C.

ionic Strength 0.0200 HC1 0.0200 kI! Ethyl Ffrm:.te 0.000 ]M

Acetcne D k' x 1 3 k' x i05  AE B
% by wt. mi. CH 0 (35.01-45.1l)(35.01-45.11)WIP. -I tool-1 °C oC

8.4 70.47 5.16 1U.43 19,200 9.64
16.8 66.07 4.47 10.17 i0,900 9.40
25.4 60.95 3.a5 10.01 i, 7 0 0  9.24
34.5 55.34 3.30 10.01 18.500 9.17
44.1 49.55 2.90 10.55 17,700 9.57
54.0 43.35 2.55 11.60 17,200 9.21
64.6 36.73 2.38 14.4 16,100 8.59
75.7 30.34 2.30 20.9 15,200 8.13

Temper:.ture 45.11 0 C

(45.11-55.02)(45.11-55.02)
oc oC

0.0 71.20 16.5 29.9 20,800 10.78
8.4 66,99 13.9 28.5 21,400 11.15

16.8 62.37 11.8 26.8 22,200 11.66
25t4 58.08 10.05 26.1 22,900 12.14
34.5 52.97 8.55 25.9 24,000 12.90
44.1 47.10 7.20 26.2 25,500 13.90
54.0 41.50 6.15 28.C 26,600 14.75
64.6 34.99 5,45 33.1 26,700 12.42
75.7 28.71 5.03 45.7 26,800 18.90
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Table II (Cont'd)

Temper:;ture 55.020 C

Acetone D k' x 103 k'/C 0" C Xl)

% by wt. mrlr-' irA mci1mlnIto-

0.0 67.92 44.5 810

11.4 6,5.83 38.5 77.9

16.8 59.57 34.0 77.4

25.4 b5.21 bO.0 78G.0

Z4. 5 50.35 27.0 81.9

44.1 44.87 24.3 68.5

54.0 39.36 22.0 100.1

64.6 b3.27 20.0 12. 4

75.7 27.42 19.0 172,7
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In fl~u'-e 2 jo ,, ~.,.t~ec dIcg of' Lpiccifc velocity corit.r.nt, k'

versuiqtv ci~ 1c't'c ~>ci c-'-at:r't of the m~edium. 'Ahe

spec~f'ic velocity ccrst-:xt, k' dec-eafeu vilth ciecre,,slrt dielectrlc

Ccon)*.At.-Lt ehowirq : rre.tos Ip n the rrlzorn of, hlqher

delectric oornet..nt. A dep:.,rtu-e from 1IflneýArty wz.n observed for

-11 th-.e ti-mpoe-.tu-ee ,t dielectric coirstr.t value- betweer 55.5

to 53.8. These curveB were clml1~r to those oýf i-{ockeramith ,rd

Amiti (3) Lnrd N~ilr -.n~d A-.is (4). The t~tr:AIght lire portiona of the

(;Sbxke'dth, J. L. --n AzIo,E. S., Techric-1 Report No. 2 to the
Office of N.--v'1 Reoe:-.ch, Pr.jeot No. NR 057-233, Ccrtr:.ct Nonr-
03700, Octz~ober 25, 1952. Pre~ented to the J. Am. Chem. Boc., for
o on sider-tAon for publi c.ticrn

(4)NzAr, P. -: .r'd Amis, E. S., Techricl- Report No. 3 to the Office
of Nz~v.l Rese-.rch, Project No. NR C57-233, Crto Nonr-03700,
Cctober 28, 1952. Presented tc the J. Am. Chem. Scc., for ocn-
Fiderftic:2 fo" ubictlr

curves lz!ve r v-.upr. of 4.25, 4.38 :.r.d 4.48. Ar~gstrcome Pt temp-

er.-tures of 35.01, 45.11, 55.02 reepectively. Thus v-.lues of r

found ofr moieu.. d imsnlon: which sohuld be the a.'ee since

r is es~erntiJ11y the r:.dius of the interredl~te In' the kir~etic

prscean. The c-lcul:.tior. w~.a made using. the equ-.ticr

ZA~si~(6)

2,3103 k.Tr

where S =The clope cft the 1oc, k' vs 1/C) plct,

ZA,Z~d = v:.lerce-, of the iore; A ,rd B re.-poct4.ve~y,

E :eltctronic.- rg

k Bct*zmr.,% Ocnat .nt

T Ab,-clute tomper- ture

r rd~ui3 cf the !.-rterrmedl..te In the kin~etic process
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The m:iugnituuie :r no ~gres -i' the nlopen or 'Ghe curves -rid experi-

ment: 1 w lueo f r indica.te the mechhr~ism of the reu-cticr. Involves

r. rate controiltrig step between .ona of like oigrns. But it lis not

possible to a-ccept tnis; iech-.ni Fin because rL; reaono: ble niech niorn.

Involving' iJ.,rn of like aign canr be for.mulated fc.r the a~cid hydrolysis

of' r es;ter -.o the re otion s~pecie:;,, wa.,ter, Should not be Ignored

evo-n thiugh it w:.s -component of the soclvent.

In flqure 3 Is plotted lug k'/0½o0 ag&inst the reciproc_-l of

dielectric constanrt of the medIumf the three ternpe-.aturee under

investlct- tier-. Hockeremith trid (mini (3) a.nd 14 I' a-nd Arnie (4)

plotted rinlrcurvec; fcv', t~ie :.cid hydrolysis of me.thyl propionr-.te

-rnd ethyl &cot--te re;!pect-lvely. The portions of' their Cu"VeB

correr~pornding to hig7her value of dielectric aonrt.-n.t were Straight

lines h.-virs m.ag.nitudecs rid nigns of ,,lper ind1cxtin! the control-

ling step in the re.-ctisýr. w a one In which -- povtitive Ion reacted

with n dipol:.r molecule. Hockercmith hnQ Arnie (3) nccept the

followirs mech-.nism for the i-cic! hydrolysis of the esters:

0 F H 02 + OH 0
// + F i I H 11

R-C-0Q-R' +- 1130 .~.H-C-C--H' H--0-R R-C-0 H4 R1'OH + H (7)

OH- OH

They stipulate,lm~we.v.m-, tha-t &step involvin~g the prý,duct of

the concentrAtion. cf the positive ion ar-a the concent"-:,tion of

dipole ni~ecule gý;vc-ns the r-te. No Ruch conclue1Dns c-.r be drawn

from the present d-t: since log- k'/c firiit decrezced, pass-,ed through

& minimum, _ncd then increL~red -,i: the -ec~prcc:.1 of dielectric con-

st:n~t of the medi- Ir-cre-ce -od.t ..1 three. teinpe-atures. The rh.apes

of the. curves iarc reminiscent (cf oa.t'lytic c.Ateneries. This suggzests

th-t the main influenco _f the solvent in the 'cid hydrolys-b of
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ethyl fc-rn.:te Ir exertel upon the hydrcs'.um ion, :nd is effective

by ch:rgizlrog the otl vity .f the ion.

Fuarther calculations vi"ero inxdo t-. conrfirm the ton-dipole

inech nism from the er~ergy ~tntdpo~nt. Coulombic enerqies zirising-

f-eoin the ch ngze In dielectric connt.-nrt of the medium were c:ilcuIl ted

from the equa~tion. (5)

ThF57i-WUT-18neic %C1 cThnl~e In -6Yitlon7TE
l&:oinl1l:.r :.mOznp2,jiew Yc-Li 94_9 pk.7 '.nd p. 182.

69.1 7-
LS W lDT7 A D (8)

Whore AE coulonibl-c cnorgy, AD vu.,e the diffevrece! between

D2 -.nd D1 &nd the o:ther terms h.-hVe their, usu.xi c 4 gnlflcrnce. These

Ct .loulted V: luca: of coul.;rtlc ercer~dcu: tog'cLrthor with observed

v.i.lues, rere,. recc.rded In. T:-ble MI. In the c.1lou.' tim' of these

cculoinbic onergiet: the s me r vt--lue wvita used th t vits obt.'4 inod from

the log k' venrsuo l/D plrto;. The. obi;erved viluesof4 the ooulomtic

enorqies d!ffered by -. rc:.scn blo inxgnltude fr..m the casloulated

values. Thuc It wito not pos.-iblc tol -.ccept thqfon-dlpolu mech.niain

fo- the. receticn. of -.old hydrolysis of e.thyl fo-in: to.

The uuthoro~ could find no elnctrost:Attc Interpret: -tion which

was corsintoýnt w~th the dxt.-A Howveivr, the &-tx to" methyl propic-

nLte nr-d ethyl -:cetxto 'wo-c cxpl:, no~d or. the b: siH of nlectrcst.,tias.

The dielectric conetxnt dxt:, foýr :xci hyd-olynl;- of methyl propic-

nate in. x'cotoneP-wxtc~r mixtureA, vlore- well conft'mced by electrostatic

interpret: tion :At %11 temporxtut'ec invos;Ftlg tod. The d:.t:1 for

ethyl .',cettzte in cto-woumixtures3 were prcogre: Olvoly leess

i-,xncn:_ble to eloctrost.%tics with irncrez~snin toinpor.-tureo. Since data

of ethyl -,cet: to show oscume do, I4Vxtiofls f--om e~loctrcst.utic require-

ments, cxtrtpclz.Ltion to the ozvter of formic :.old might be expected
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Table III

Experimerit-.1 and CL.cul, ted V:1lueu of Energies

of Activttion for Solvent Effect

Ionic Strength: 0.0200 Hol: 0.0200M Ethy0l Forn'te: 0 0100M

Between Temper:.turen; 35.01 C a,.rid 45.11 C.

D k' x 10 3  k' x 10 Eob A Eob & E.min-1 min-I b bsC-l

(1 35.01O C (, 45.110C

66.68 4.62 13.9 21,600
62.44 4.06 12.5 21,700 190 78.9
58.88 3.66 11.1 21,800 110 75.0
55.59 3.30 10.3 21,900 120 76.0

Between Temper:turest 45.110 C.:.rnd 55.02o C.
(, 45.110C u,[t5.02D C.

66.68 13.9 40.9 22,200
62.44 12.5 37.0 22,200 0 78.9
58.88 11.1 i33.5 22,200 30 75.0
55.59 10.3 30.5 22,200 30 78.0

Between Temper:,tures: 35.010 C :nct 55.020 C

(-Z5.010 C. ,,55.020 C.

66,68 4.62 41.0 22,100
62.44 4.06 37.0 22,100 50 78,9
58.88 3.66 36.5 22,200 70 78,0
55.59 3.30 30.5 22,300 70 78,0

Experimernt- V;.lues of Frequency Fictor for Solvent Effect

Ionic Strength: 0.0200 HC1:0.0200 m Ethyl Formate: 0.0100M
Dielectric Conot~.nt:62.44

Temper :.ture Frequency Factor
9C.

35.01 - 45.11 10.07 x 1012
45.11 - 55.02 12.88 X I012
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S:xlZ Effect

I'n Table IVI .re rec.,rded the kinetic dx-t!a when, the aolvent wt

w:ater :,rd Ionic ot-ength Wua ch.anged with increasinq, concentr:.tion

of neut-FAl a&41t (HNDNO 3). In Fig~ur.e 4 In plotted lop:ý k' :,g-int the

neg:4tive logarithm of the uctivity of hydronium ion. for three temp-

era-tures under inveetig-.tion. The :Activity of hydronium icr. w:as

obt:AIned by czalcul:Lting activity coefficient-usin!7 the first approxi-

mation of Debyc-Huckel theory --nd the aista:nce of closest ýApproach

from Figure 2. The equation. for thizs first approximation is

2

MA " H B L.I v7

Where f8 30 +is the activity coefficient of the hydronium ion of

vslernce ZH30+tIn a solution of ionic strersthkýY; A and B &re the

Debye-Huckel corstants, which can-r be c:.lcul.at,-d from the known

properties ;f the srolven~t a-nd cert'.in ph,..,c:U ccnstan.rts, f..nd at

In the distanrce of closest !_ppreach of two Ions. tiring the activity

ciefficients of hydronium iýr. :And the ccncentr-tion~s of the hydro-

chloric &,cid, the ractivities -.f the hydronium ion in. the various

concerntr: tions-c of reacting solutions could be found by multiplying

the -.ctivity coefficient of the hydronium ion by Its concentr&tion.

The corncentr:.tion of the hydroniurn ion w.,s a.sueuod to be the Baffe

as the cornzentra-tion of the acids-Hookeramith :.nd Arnie (3) found

t~hat plutu of' log k' :Ag.inst the n~egztive logarithms of the activity

of th, hydronium Ion, for methyl propionate were ca-talytic caternaries

of Class R _-k clusuilfied by R. P. Bell. (b)

(6) Bell, . . "Acid-Buse Czatl~ysis"1, Oxford, the Cla-redor.
Prear', 1_941, pp. 6-10 .nd 21-35.



to divergo 1½~ 'ntho roquirud olectrunit-Ati Intiarpr(.t:, tl.r. whe:

common. solvornt ..cotora-vcut~er, lu used In z.11 thrcgý( o.XseLi. H ow

to explz~r. the cont~r~u:.3. shift zwx-y fro~m the oio' t;-.ostatle Ir~tor-,

pret:-Ation t.E ac:r~ go ff-om mathyl propior -tE(. to ethyl L~cct:.te, to

ethyl formn-tv in rot clei~r ur~less speolfic solven~t effect beomwes

prog'-osi;1vbly sm.-Iler. The decretsing size of the x-clel rrdioal

might be Irvolved In the progrereive dop:,rturo z~f the d:-t,- from

the clectrost -tic t~heory, airnce Ir. gner:.l, theorvtici- eloctro-

Bt-.tio relriticnar~sr~e fciu..e to confirm d..: InvolvIng 1&rger
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TAble IV

Fxpic;,1mert:l V:lucIL. Of Velocity Ccrut rntt :,.H a Functlop
of lcJntc Str'enc<th: Cc relpc'C1r.v Enenr-1e;; of Activ tion

Frecjurncy F:.ct._rt, :rnO tictlvlty Cuefflcientt

Tempe-:.tuý-v. 35.010 c
D- 74.82 ; HUI: 0.0200MI Ethyl Formate: 0.OIOOM

Tot:.l Ionic k' x 102 fH3 0 + 4E B
strength (35.01-45.11) (35.01-45.11)

'i Min-i QC. 0c

0.u?00 5.85 0. 9356 20,100 12.03
0.0400 5.7? 0.91Z3 20,100 12.035
0.0600 5.75 0.8976 20,000 12.00
0.0800 5.76 O. •853 20,000 11.95
0.1000 5.78 0.8752 19,900 11.92
0.1200 5.0o 0.8664 19,900 12.03
0.1400 5.85 0.8566 19,900 11.90
0.1800 o.02 0.8453 19,700 11.78
0.2200 6.Ib 0.8341 19,400 11.57
0.2600 6.45 0.8243 19,300 11.50
0.3000 6.75 0.8166 18,900 11.25
0.3400 7.12 0.8087 18,500 11.00

Temperi~tur~e 45.11 C

(45.11-55.o.02) (45.1; ?5.02)

O.C200 16.5 0.9396 20,800 12.41
0.0400 16.3 0.9206 19,900 11.85
0. 06c;) 16.2 0.90a0 19,500 11.50
0.0800 16.1 0. o984 19 ,o00 11.33
0.1000 16.1 0.89Cý3 19,100 11.20
0. 1200 16.2 0.8843 19,000 11.17
0.1400 16.3 0,6784 19,000 11.19
0. 1800 16.6 O.8691 19,500 11.53
0.2,200 17.0 0.8611 20,700 12.34
0. 2o00 17.4 0.8549 22,200 13.36
0.3000 17.9 0.8494 23,S00 14.50
0.3400 16.5 O.c0445 25,400 15.60
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Table IV (Cont'd)

Tempe-iture 55.020 C.

Tot.xl Ionic k' x i03
strength (m,() I

0.0200 44.6 0.9683
0.0400 42.0 0.9356
0.0600 41.0 0.0063
0.0800 40.4 0.13969
0.1000 40.1 0.8888
0.1200 40.2 0.8820
0.1400 40.5 0.8764
0.1800 42.2 0.8668
0.2200 45.6 0.8570
0.2600 50.1 0.8525
0.3000 55.8 O.8468
0.3400 62.2 Oo8419



In the class B cateneries the sides Intersect at Ea sharp

minimum with ,, slope of approxim:tely-y5 degreen wvth the horizontal.

The catenerles obtain in th(: present Ir.veotig,,,tion P.how a rounded

minimum znd sides rioing steeply. The shapes of those cateneries

tre nst MLmllar to those nf the ordirvry classes of c.ateneries

found In the 1iter-Ature. This could rLt be expl:ained on electro-

static theory foom the standpoint of primrary salt effect (5) since

if such was the cztse the positive-ion und neutral molecule mecha-

nism should -how on increase in the rate of re:action -with Increase

in ionic strength. This Is not the c.-se as It could be seen from

Figure 5 where log of the specific *vaocity constant was plotted

aga.nst ionic st-ength at the three t-eappratures InvestWted.

These plots showed an arlmost horlzort ,I portion extending over

half the ionic strength r.-nge before the ra-te constant increase

wi-s observed with Increaee in ionicsBtrength.
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Fig. I - Solvent Effect on Acid Hydrolysis of Ethyl Formate
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Fig. 2-Solvent Effect on Acid Hydrolysis of Ethyl Formote
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Fig. 3- Solvent Effect on Acid Hydrolysis of Ethyl Formote
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Fig.4 - Effect of Neutrai Sa!t on Acid Hydrolysis of Ethyl Formate
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Fig. 5 -- Effect of N~eutral Sailt on Acid Hydrolysis of Ethyl Formate
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